Peripheral stimulation of the innate immune system with LPS causes exaggerated neuroinflammation and prolonged sickness behavior in aged mice. Regular moderate intensity exercise has been shown to exert anti-inflammatory effects that may protect against inappropriate neuroinflammation and sickness in aged mice. The purpose of this study was to test the hypothesis that voluntary wheel running would attenuate LPS-induced sickness behavior and proinflammatory cytokine gene expression in $22-monthold C57BL/6 J mice. Mice were housed with a running wheel (VWR), locked-wheel (Locked), or no wheel (Standard) for 10 weeks, after which they were intraperitoneally injected with LPS across a range of doses (0.02, 0.08, 0.16, 0.33 mg/kg). VWR mice ran on average 3.5 km/day and lost significantly more body weight and body fat, and increased their forced exercise tolerance compared to Locked and Shoebox mice. VWR had no effect on LPS-induced anorexia, adipsia, weight-loss, or reductions in locomotor activity at any LPS dose when compared to Locked and Shoebox groups. LPS induced sickness behavior in a dosedependent fashion (0.33 > 0.02 mg/kg). Twenty-four hours post-injection (0.33 mg/kg LPS or Saline) we found a LPS-induced upregulation of whole brain TNFa, IL-1b, and IL-10 mRNA, and increased IL-1b and IL-6 in the spleen and liver; these effects were not attenuated by VWR. We conclude that VWR does not reduce LPS-induced exaggerated or prolonged sickness behavior in aged animals, or 24 h post-injection (0.33 mg/kg LPS or Saline) brain and peripheral proinflammatory cytokine gene expression. The necessity of the sickness response is critical for survival and may outweigh the subtle benefits of exercise training in aged animals.
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Introduction
Peripheral infection stimulates the innate immune system to produce pro-inflammatory cytokines, such as tumor necrosis factor (TNF)-a, interleukin(IL)-1b, and IL-6, which signal through various communication pathways to induce a 'mirror image' of cytokine expression within the brain (Dantzer, 2001; Dantzer and Kelley, 2007; Dantzer et al., 2008) . Centrally, these pro-inflammatory cytokines act directly or indirectly on neurons and supporting cells (e.g. microglia, astrocytes) to alter autonomic nervous and endocrine system output to regulate the body's response to infection. IL-1b, for example, induces activation of the hypothalamic-pituitary-adrenal axis and the production of corticosteroids which attenuate the pro-inflammatory response in a negative feedback loop (Besedovsky et al., 1986) . Moreover, these cytokines invoke a constellation of motivated behavioral adaptations (e.g. 'sickness behavior'), which allocate energy and resources towards the immune response, and support recovery from infection. Sickness behaviors include: loss of appetite and body weight, fatigue, withdrawal from normal social activities, altered cognition, hyperalgesia, and fever (Dantzer and Kelley, 2007; Dantzer et al., 2008) . The importance of such behaviors is bolstered by the powerful observation that forced tube feeding of anorexic sick mice to normal ad libitum levels results in greater mortality to Listeria monocytogenes (Murray and Murray, 1979) .
Anybody who has been ill has experienced sickness behavior, which, depending on the pathogen, infectious load, and host factors, can either be mild or severely debilitating. Fortunately for most, these symptoms are transient. One host factor affecting sickness behavior is aging. Normal aging is accompanied by changes in immune function that can result in greater infectious disease susceptibility in humans (Gavazzi and Krause, 2002) and animals (Goldmann et al., 2010) . Older subjects exhibit exaggerated behavioral and cognitive deficits following immune activation (Abraham and Johnson, 2009; Chen et al., 2008; Godbout et al., 2005; Kohman et al., 2007) . Important for the current study, 24 h following peripheral lipopolysaccharide (LPS, 0.33 mg/kg) administration, aged mice exhibited significantly decreased social behavior,
